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Abstract: We find giant graviton solutions in Frolov's three parameter generalization 
of the Lunin-Maldacena background. The background we study has 71 = and 72 = 
73 = 7. This class of backgrounds provide a non-supersymmetric example of the gauge 
theory/gravity correspondence that can be tested quantitatively, as recently shown 
by Frolov, Roiban and Tseytlin. The giant graviton solutions we find have a greater 
energy than the point gravitons, making them unstable states. Despite this, we find 
striking quantitative agreement between the gauge theory and gravity descriptions of 
open strings attached to the giant. 
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1. Introduction 

The AdS/CFT correspondence [1] provides a new approach to the study of non-Abelian 
gauge theories. One may hope that ultimately it may even be used to understand non- 
perturbative aspects of QCD, which is at the time of writing, a formidable problem. 
If this hope is ever to be realized, we must gain an understanding of the gauge the- 
ory/gravity correspondence in situations with no supersymmetry or conformal symme- 
try. Recently, a significant step in this direction was achieved by Lunin and Maldacena[2], 
who identified the gravitational dual of j3 deformed M = 4 super Yang-Mills theory. 
The dual gravitational theory has an AdSs times a deformed S 5 geometry. Since the 
AdSs factor is not deformed, the field theory is still conformally invariant. However, it 
only has Af = 1 supersymmetry. This deformation was further generalized by Frolov[3] 
who gave a background determined by three parameters, that in general, preserves 
no supersymmetry. The gauge theory /gravity correspondence for this background was 
explored in detail by Frolov, Roiban and Tseytlin[4]. These authors went on to show 
a quantitative agreement between the semi-classical energies of strings with large an- 
gular momentum and the 1-loop anomalous dimensions of the corresponding gauge 
theory operators. This is a significant result. The gauge theory/gravity correspon- 
dence is a strong weak coupling duality in the 't Hooft coupling. At weak coupling 
computations in the field theory are straight forward; the dual gravitational theory 
however, has a highly curved geometry. At strong coupling computations in the field 
theory are not (in general) under control; in this case curvature corrections in the 
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dual gravitational theory can be neglected. The correspondence is usually explored by 
computing "nearly protected quantities." These can be computed at weak coupling in 
the field theory. Since they are nearly protected, they can reliably be extrapolated to 
the strong coupling regime where comparison with the dual gravity theory is possible. 
Typically, one appeals to the supersymmetry of the problem to find these nearly pro- 
tected quantities. The agreement of [4] is striking because it provides an example of 
quantitative agreement between the gravity and field theory descriptions, in a setting 
without any supersymmetry. It is important to see how far this quantitative agreement 
in non-supersymmetric settings can be extended. This is the primary motivation for 
our work. 

Giant gravitons[5],[6],[7] provide a very natural framework for the study of non- 
perturbative effects in the string theory, in supersymmetric examples of the gauge 
theory/gravity correspondence. Since giant gravitons are BPS objects, they lead to 
effects that are protected and hence may be extrapolated between strong and weak 
coupling. Moreover, they have a simple description in terms of a string worldsheet 
theory - to leading order they simply determine the boundary conditions for strings 
with no other affect on the worldsheet sigma model. A lot is also known about giant 
gravitons in the dual field theory. Operators dual to giant gravitons have been studied 
in both the U(N)[8] and the SU(N) [9] gauge theories. These half BPS states also have 
a simple description in terms of free fermions for a one matrix model[10] which has 
recently been connected to a description which accounts for the full back reaction of the 
geometry in the supergravity limit [11]. A tantalizing attempt to go beyond one matrix 
dynamics has appeared in [12]. Further, the technology needed to study strings attached 
to giant gravitons is well developed[13],[14]. Given the recent progress in constructing 
non-supersymmetric examples of the gauge theory/gravity correspondence, it seems 
natural to ask if there are giant gravitons solutions in these new geometries. We will 
construct giant gravitons for the deformed background with 71 = and 72 = 73 = 7. 

A particularly efficient way to organize and sum the Feynman diagrams of the 
field theory, is through the use of a spin chain[15]. In this approach, one identifies 
the dilatation operator of the field theory with the Hamiltonian of the spin chain. 
Constructing operators with a definite scaling dimension as well as the spectrum of 
scaling dimensions becomes the problem of diagonalizing the spin chain Hamiltonian. 
This approach has been extremely powerful because it allows one to identify and match 
the integrability of the gauge theory dilatation operator[16] with that of the world sheet 
sigma model[17]. Understanding the field theory beyond the one-loop approximation 
involves studying spin chains with varying number of sites[18]. In this article we would 
like to use the spin chain approach to study operators dual to open strings attached 
to giant gravitons. For non-maximal giants this again corresponds to studying a spin 
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chain with a variable number of sites. A very convenient approach to these problems 
has been developed in [19]. The idea is to map the spin chain into a dual boson model 
on a lattice. For the boson model, the number of sites is fixed; the variable number 
of sites in the original spin chain is reflected in the fact that the number of bosons 
in the dual boson model is not conserved. In this article we will construct the boson 
lattice model which describes open strings attached to giant gravitons in the deformed 
background. 

Apart from the three parameter deformed backgrounds studied in this article, there 
have been many other interesting developments following Lunin and Maldacena's work. 
In [20] energies of semiclassical string states in the Lunin Maldacena background were 
matched to the anomalous dimensions of a class of gauge theory scalar operators. The 
spin chain for the twisted Af = 4 super Yang-Mills has been studied in [21]. The 
logic employed by Lunin and Maldacena to obtain the gravitational theory dual to the 
deformed field theory has been extended in a number of ways. Recently, instead of 
deforming the M = 4 super Yang-Mills theory, deformations of M = 1 and M = 2 the- 
ories have been considered [22]. Further, deformations of eleven dimensional geometries 
of the form AdS4xY7 with Y-j a seven dimensional Sasaki-Einstein [23], [24] or weak G2 
or tri-Sasakian[24] space have been considered. The pp-wave limit of the Lunin Mal- 
dacena background, and the relation to BMN[25] operators in the dual field theory 
has been considered in [26]. Recent studies of the /3-deformed field theory include [27]. 
Semiclassical strings were studied in [28]. Finally, in [29], interesting instabilities in the 
general three parameter backgrounds have been discovered. 

Our paper is organized as follows: In the next section we give an ansatz for the giant 
graviton solutions. These giant gravitons blow up in the deformed S 5 of the geometry. 
We compute the energy and show that the energy of the point graviton is lower than 
that of the giant graviton, making the giant graviton an unstable state. In section 3 we 
explicitly demonstrate that the giant graviton extremizes the action. Further, we study 
vibration modes of the giant arising from the excitation of the AdSs coordinates. In 
contrast to the AdS 5 x S 5 vibration spectrum, we find that the frequencies of these modes 
does depend on the radius of the giant. We recover the AdS 5 xS 5 vibration spectrum 
for large giants. Our results show that the giant graviton is perturbatively stable. 
We construct a bounce solution to the Euclidean equations of motion, demonstrating 
that the giant graviton is corrected by quantum tunneling. In section 4 we compute 
the Hamiltonian of the lattice boson model. The energies of this Hamiltonian give 
the anomalous dimensions of the operators dual to open strings ending on the giant. 
Using coherent states we obtain an action governing the semiclassical dynamics of these 
strings. We find complete agreement with the semiclassical dynamics following from 
the dual string sigma model. In section 5 we summarize and discuss our results. 



- 3 - 



2. Giant Graviton Solutions 



In this section we will obtain giant graviton solutions in the deformed background. The 
giant graviton solutions we consider are D3 branes that have blown up in the deformed 
sphere part of the geometry. Our ansatz for the giant, made at the level of the action, 
assumes that it has a constant radius and a constant angular velocity. This ansatz will 
be justified in section 3 where we will argue that our solution does indeed extremize 
the action. 

To write down the action for the D3 brane, we need the metric and dilaton of the 
background (to write down the Dirac-Born-Infeld term in the action), the NS-NS two 
form potential and the RR two and four form potentials (to write down the Chern- 
Simons terms in the action). The AdS 5 and the deformed sphere spaces are orthogonal 
to each other 

ds = dSj^^g^ -\- ds^z, 
We will use the following spacetime coordinates: 

(1) For AdSr, use (t, a±, a 2 , a 3 , a^). In terms of these coordinates, the metric is 

ds AdS 5 = - \ 1 + J2 a k) df2 + R \ 6 H + 7— 2 ] daidaj. 

These coordinates are useful when studying small fluctuations of the giant graviton, 
since the make the 5*0(4) subgroup of the 50(2,4) isometry of AdS 5 manifest. 

(2) For the deformed five sphere, use (a, 9, 0i, 2 , 03)- In terms of these coordinates, 
the metric is 



ds 2 s s f = R 2 \^da 2 + sin 2 adO 2 + G pl^j + R 2 Gp\p\p\ ^ ^d<Pi 
Pi = cos a, p 2 = s m a ; cos#, p 3 = sinasin^, 

ri-l 1 , -222, -222, -222 
G = l+7lP2P3+7 2 PlP3 + 7 3 P2Pl- 

In terms of the dilaton O of the undeformed background, the dilaton is 

e <t> = ^Ge^. 



The dilaton of the undeformed background satisfies R e ^° = AnNl],. The five form 
field strength of the background is 
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F 5 = AR A e (uJAds 5 + Guj s s) , oo s r o = cos a sin 3 a sin 9 cos 9dad9d$\d$2<l§z- 
Finally, the RR two form potential is 



3 



C 2 = —AR 2 e ^cuid ^7«0j J , duj\ = cos a sin 3 a sin 9 cos 9dad9, 



,i=l 



and NS-NS two form potential is 



B = R Gu 2 , uj 2 = 73/Oi/o 2 #i#2 + 7iP2P3#2#3 + l2P 3 Pid<p3d(pi- 

We will not consider the most general background with three arbitrary parameters in 
this paper; from now on we set 71 = and 7 = 72 = 73. 
To write down the D3 brane action 



S = 



]— j d 4 ye-^\det(G + B)\ + J C A + j C 2 AB, 



(2k) 

we will use static gauge 

y° = t, y 1 = 9, y 2 = 2 , y 3 = fo. 

Our ansatz for the giant graviton is a = cto, 4>\ = cut where cto and u are constants, 
independent of y M . It is now a simple matter to integrate the Lagrangian density over 
y 1 , y 2 and y 3 to obtain the Lagrangian 



L = —m\J 1 — atfil + 

where 



4N 



7 - y/l + 7 2 



log 



9 r 2 , y/^ 2 " 
Z R 2 + 7 



47 2 v^+^ 
i? 8 (l + 7 2 f(l-f)) 



- 1 



7 + y/4 + 7 2 

47 2 v^+^ 



log 



7 



+ 1 
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r = i?sin a is the radius of the giant, T 3 is the D3 brane tension and R is the radius of 
curvature of the AdS space and the radius of the (undeformed) sphere. As a check of 
our normalizations, we have verified that we recover the undeformed Lagrangian[5] for 
giant gravitons in AdS 5 xS 5 in the 7 — > limit. Solving for 0i in terms of the angular 



momentum 



M 



we obtain 



00i ' 



^ a[M - b] 2 + m 2 a 2 



The energy of the giant graviton is now easily computed 



E o x M - L = \/m 2 + I^ — ^L. 

a 

We determine ao by minimizing the energy at fixed M.. 




Figure 1: The energy of the giant graviton versus r/R for fixed angular momentum. For 
the plot shown, 7 = 0.4, N = 10 and M = 7/N. The energy is shown in units of l/R. 
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Clearly the energy of the point graviton is less than that of the giant, so that the 
giant graviton will be an unstable state. We will study the nature of this instability 
in the next section. The contributions to the Chern-Simons four form flux and C 2 A B 
terms enter with opposite signs. At 7 = 0, the C 2 A B term vanishes, while the four 
form flux term is non-zero. As 7 is increased, the C 2 A B term grows faster than 
the four form flux term. For large enough deformations, the C 2 A B term dominates. 
There is a critical deformation beyond which there is no giant graviton solution. This 
matches well with the study [30] of giants in a constant NSNS B field, in the maximally 
supersymmetric type IIB-plane wave background. Other work on non-spherical giants 
and giants in a B field include[31]. 
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Figure 2: The energy of the giant graviton versus r/R for fixed angular momentum. For 
the plot shown, N = 10 and M = 1/N. The solid line has 7 = 0, the dotted line 7 = 0.8 and 
the dashed line 7 = 1.6. The energy is shown in units of 1/R. As the deformation increases 
the giant graviton minimum is raised until it is no longer a solution. 



3. Fluctuations 

We have no guarantee that our ansatz of the previous section in fact minimizes the 
action. In this section we check that this is indeed the case and further, we study the 
spectrum of certain vibration modes of the giant. There are a number of interesting 
questions that can be answered using the vibration spectrum of giant gravitons. If 
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our giants belong to a family of solutions that all have the same energy and angular 
momentum, there will be modes with zero energy. Secondly, if our giant graviton 
solution is (perturbatively) unstable, there will be tachyonic vibration mode(s). The 
excitations we consider correspond to motions of the branes in spacetime. Consequently, 
we do not consider the possibility of exciting fermionic modes or gauge fields that 
live on the giant graviton's worldvolume. Our results show that the giant graviton is 
perturbatively stable. Finally, we argue that the giant graviton is corrected by quantum 
tunneling by constructing a bounce solution to the Euclidean equations of motion. 
Our ansatz for the giant graviton is 



«o an d uj are constants, independent of y M . Despite their names, we have not yet given 
any reason to identify «o an d uj with the constants appearing in our ansatz of section 
2. We now plug this ansatz into the action and expand in e. If the linear order in e 



of «o that minimizes the energy, we know that the giants of section 2 minimize the 
action and that they are indeed classical solutions. The quadratic in e contribution to 
the action can be used to learn about the energies of vibration modes of the giant. 
Plugging this ansatz into the action and expanding, the term linear in e is 



i = 1,2,3,4 



0i = out + eS(f>i. 



contribution to the action vanishes, for uj = 0i computed using (2.1) and for the value 




where 



A = 



N 



sin 3 a sin?/ 1 cosy 



i 






2tt 2 



\/l — to 2 cos 2 a 



2^(1 + 7 2 £kl-|l)) 




7 



8 



iV cos ctQ sin 2 o.q sin y 1 cos y 1 22 22 2iVcj cos a sin 3 a sin cosy 1 

B = === (6cj cos a - 2w sin a - 6) + i — r — 

47r 2 vl — ^ cos 2 a ^ (1 +7 cos^ctosm a ) 

Nto^ 2 (3 sin 5 a cos 3 a — sin 7 a cos + 27 2 sin 7 a cos5 a o) si 11 cos V 1 

7r 2 (l + 7 2 cos 2 ao sin 2 a ) 2 

Now, notice that the coefficient A is independent of time. This implies that the term 
in the first order change in the action involving 5<f)i gives no contribution, because 
we vary with fixed boundary conditions, that is, 5<pi vanishes at the initial and final 
times. Using (2.1) and plotting B as a function of ao, we find that the value of ao that 
minimizes the energy is the same value of ao that sets B to zero. 




Figure 3: In the above plot B is shown as the solid line; the energy of the giant graviton 
minus the minimum of the energy is shown as the dashed line. The x-axis is r/R. For the 
plot shown, 7 = 0.4, N = 10 and M = 7/N. The energy is shown in units of 1/R. 



This confirms that the giant gravitons written down in section 2 are indeed solutions 
to the equations of motion following from the D3 brane action. 

Expanding the action to second order in e and varying with respect to 5ai we 
obtain the wave equation 
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2 1 -u 2 R 2 cos 2 a 2 7 2 cos 2 (a ),o ~ x 2 . . ^ n 
d 5a t + ^ 2sin2ao L - ^ " ^ + ^ = °> 

where we have introduced the angular momentum squared L 2 , which in our coordinates 
is given by 



-^vj U sm(% + cos ^ ^ + tany WW + coty WW ) ■ 

The original 5*0(4) worldvolume symmetry that we'd have in the undeformed case is 
broken to U(l) x U(l). These two U(l) symmetries correspond to translations of c/> 2 
and 03. It is possible to choose spherical harmonics m2 (y x , y 2 , y 3 ) with definite 
U(l) x U(l) quantum numbers (1711,1712). For spherical harmonics with L 2 = 1(1 + 2) 
we have \m\\ + |m 2 | < I. Making the ansatz 

5a t = e^yYi um2 (y\y 2 ,y 3 ), 

we find 



1 — ijj 2 R 2 cos 2 a 
R 2 sin 2 a 



7 2 cos 2 (a ), , 2 
H ^ (mi -m 2 ) • 



Clearly these frequencies depend on i?sino;o, the radius of the giant. For a near maxi- 
mal giant, we have sina ~ 1 and cos«o ~ 0, so that 

( F l )2- 1 I ^ + 2 ) 

I mi,ra 2 i j^2 J^2 

This is equal to the frequency obtained in [7] for giant gravitons in the undeformed 
AdSsxS 5 background. Note that this frequency is independent of the size of the gravi- 
ton. This is true for all giant gravitons (not just the maximal giant) in the undeformed 
background [7]. 

Varying with respect to Sfa and 5a we obtain the following two (coupled) wave 
equations 



dn5a + 



1 — lo R cos a 
R 2 sin 2 ao 



L 2 5a 



7 2 cos 2 (a ) 
R 2 



(d 2 - d 3 ) 2 5a + A ± 5a + A 2 d 5<j) 1 = 0, 



<9 o 2 50i + 



R 2 sin ao 



2 L 2 5(j) 1 



A, 



cos 2 ao 



d 5a = 0, 
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where 



2 (6cj 2 cos 2 a cot 2 a - 6 cot 2 a - 10u 2 cos 2 a + 3 + u? sin 2 a + 
Ax = ^ 



\J\ — oj 2 cos 2 ao 

^4cj7 2 (15 sinao cos 4 ao — 16 sin 3 a cos 2 ao + sin 5 a + 147 2 sin 3 a cos 6 ao — IO7 2 sin 5 ao cos 4 ao) 

(1 + 7 2 cos 2 (a ) sin 2 (a )) 2 
8cj7 4 (3 sin 3 a cos 4 a — sin 5 a cos 2 a + 27 2 sin 5 a cos 6 a (cos 2 a — sin 2 a ) 

(1 +7 2 cos 2 (a )sin 2 (a )) 3 
g / 3 cos ao cot ao — sin ao 27 2 cos 2 ao sin ao(sin 2 ao — cos 2 ao)\ 

\1 + 7 2 cos 2 (a ) sin 2 (a ) (1 + 7 2 cos 2 (a ) sin 2 (a )) 2 /' 

4u; cosao — IOcj cos 3 ao ^ 2a; 3 cos 3 ao sin ao ^ ^ _ 2 sin 2 a cos a (sin 2 a — cos 2 a ) 

sinaoVl - u 2 cos 2 a (1 - cj 2 cos 2 a ) 3/2 " (1 + 7 2 cos 2 (a ) sin 2 (a )) 2 
8a;7 2 cos 3 a sin 2 a 8 cos a 



1 + 7 2 cos 2 ao sin ao 1 + 7 2 cos 2 ao sin ao 
When 7 = 0, uo = 1 and 

2cosa 

A 1 = 0, A 2 = - r -^-. 

sin a 

Using these values, it is easy to verify that we reproduce the undeformed results of [7]. 
Using the ansatz 

5a = A a e iEl ^v°Yl um2 {y\y 2 ^), Sfa = A^^Y x m (y\ y 2 , y 3 ), 
the energies of our fluctuations are found by solving 

(E l mum2 ) 4 1(1 + 2) (A, _ ^ 2 cos 2 a (1 - u 2 R 2 cos 2 a ) 

• 2 D 2 • 2 I D2 ~"~ ^ \ m U ) D2 ~"~ D2 • 2 

sin ao K sin ao \ K ti ti A sin ao 

, s 2 /7 2 (m - n) 2 cos 2 a + A x + Z(Z + 2) (2 - w 2 /? 2 cos 2 a ) A\{\ - oo 2 R 2 cos 2 a ) \ 

~ ( mi ' mz) V i? 2 sin 2 a + i? 2 cos 2 a ' " '' 

We can now search for a perturbative instability, corresponding to an E 2 < 
mode. The frequencies for the 5ai modes are manifestly positive. The analysis of the 
S(f>i, 5a coupled system is not as simple. In what follows, we will restrict ourselves to 
small deformations 7 <C 1. Obviously the positive energy modes can't become unstable 
for small 7, so that we focus on the zero modes. The zero modes of the undeformed 
problem have / = 0, so that we now focus on I — 0. The / = modes satisfy 
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d%5a + A t 5a + A 2 d 5(p 1 = 0, 



die 



An 



cos 2 a 



d 5a = 0, 



In the undeformed case, where A 1 is zero, there are two zero modes corresponding to 
constant shifts in <pi and a. In the deformed case, A\ < so that although there is 
still a zero mode associated with constant shifts of 0i, the zero mode associated with 
constant shifts of a is lifted 1 . 

Even though the giant is perturbatively stable, it may still be unstable due to 
tunneling effects. To investigate this possibility, we look for bounce solutions of the 
Euclidean equations of motion. In the underformed case, instantons linking the point 
graviton and sphere giants are known (see, for example, [32]). These solutions are 
obtained by allowing a (which determines the radius of the giant) to depend on time. 
Allowing both a and <f>i to depend on time, after integrating over the spatial worldvol- 
ume coordinates, we find the Lagrangian (r is the radius of the giant) 



-myj 



1 — atfil — a 2 + 



where 



m = N—, 



R 2 — r 2 , r = Rsma 



4N 



7 



log 



z.2 



- 



47 2 v/4T^ 
r%R 2 - r 2 ) 



9 r 2 , \^+¥ 2 



- 1 



y/4+T 



^2 



- 1 



i? 8 (l + 7 2 ^(l-^)) 
The canonical momenta are 



i±^i±£iog 

47 2 V / 4+^ 2 



9 r 2 , 
R 2 ~+~ 7 



+ 1 



^2 



+ 1 



M 



dL 



dL 

da 



ma0i 



+ b, 



1 — a<pl — a 2 
ma 
— ad) 2 — a 2 



L We thank the anonymous referee for comments which improved this presentation. 



- 12 - 



The Hamiltonian is obtained, as usual, by performing a Legendre transformation. In 
what follows, we treat the momentum M as a constant and make the Euclidean con- 
tinuations Vt — > — V 2 n and H — > —H to obtain 



The Euclidean equations of motion are now 



a = 



dH 



dH 



da ' 

These equations of motion are solved by V a = and a = ao a constant with sin a the 
radius of the unstable giant. We have looked for numerical solutions to these equations 
by starting with V a = and a = ao — e with e < We find solutions as shown in 
figure 4 below. 




40 50 



70 80 



90 100 



Figure 4: In the above plot a is shown as a function of t. The starting point is arbitrarily 
close to ao where sin «o corresponds to the value of the radius of the giant graviton for 7 = 0.4, 
N = 10 and M = 7/N. 



Our solutions are periodic with the period becoming arbitrarily long as we de- 
crease the value of e. The value of a decreases to a minimum before returning to its 
initial value. These bounce solutions signal that our giant is unstable due to tunneling 
effects [33]. 
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4. Open Strings 

The background studied in section 2 is conjectured [3] to be dual to the field theory 
with scalar potential 

3 3 

V = Tr |e- l7ram "$ m $n-e l ™™$„$ m | 2 + Tr ^ 

n>m=l n=l 

where 

Below we will give a precise relation between the parameters 7$ of the gauge theory and 
the parameters % of the gravity background. Our giant graviton solutions correspond 
to branes orbiting with angular momentum along the <pi direction. The 1Z charge of 
$i corresponds to the angular momentum M. of section 2. Thus, a giant graviton with 
angular momentum M. should be dual to an operator built out of A4N $! fields. From 
now on we use Z to denote $i and X, Y to denote $ 2 , $3- To match what was done in 
the dual gravitational theory we set 71 = and 72 = 73 = 7 so that 



V = Tr [\e^ZY - e^YZ\ 2 + \e^XZ - e^ZX\ 2 + \YX - XY\ 2 
+ [X,X] 2 +[Y,Y] 2 +[Z,zf_ . 

We would like to determine the spin chain of this deformed Af = 4 super Yang- 
Mills theory relevant for the dual description of open strings attached to giants. The 
spin chain for the deformed M = 4 super Yang-Mills theory was found in [34]; de- 
scribing the open strings amounts to determining what boundary conditions must be 
imposed on this spin chain. In the undeformed theory with gauge group U(N), opera- 
tors dual to sphere giants are given by Schur polynomials of the totally antisymmetric 
representations^], which are labeled by Young diagrams with a single column. The cut 
off on the number of rows of the Young diagram perfectly matches the cut off on angu- 
lar momentum arising because the sphere giant fills the S 5 of the AdS 5 xS 5 geometry. 
For maximal giants, the Schur polynomials are determinant like operators. Attaching 
a string to the maximal giant gives an operator of the form 

O = ef ■ TZT ■ ■ ■ Z i i N ~ 1 (M 1 M 2 ■ ■ ■ M n )f. 

The open string is given by the product (M 1 M 2 ■ ■ ■ M n ) % 3 N N . The M, could in principle be 
fermions, covariant derivatives of Higgs fields or Higgs fields themselves. To describe 
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excitations of the string involving only coordinates from the S 5 , we would restrict 
the Mi to be Higgs fields. We will restrict ourselves even further and require that 
the Mj are Z or Y. A spin chain description can then be constructed by identifying 
(M 1 M 2 ■ ■ ■ M n ) l 3 N N with a spin chain that has n-sites. If Mj = Z the ith spin is spin 
up; if Mj = Y the iih spin is spin down. It is not possible for Z's to hop off and 
onto the string attached to a maximal giant; as soon as M x = Z or M n = Z the 
operator factorizes into a closed string plus a maximal giant graviton. This implies the 
boundary constraint M\ ^ Z ^ M n . However, for non-maximal giants, Z's can hop 
between the graviton and the open string. In this case, the number of sites in the spin 
chain is dynamical. If however, one identifies the spaces between the Vs as lattice sites 
and the Z's as bosons which occupy sites in this lattice, the number of sites is again 
conserved [19]. For the undeformed theory this leads to the Hamiltonian[19] 



L L-l 

H = 2\a 2 + 2A ^ a\hi — A ^ (a\a l+ i + ^i^l+ij + Aa(ai + a\) + \a(a L + a\). 
1=1 1=1 

The operators in the above Hamiltonian are Cuntz oscillators[19] 

Oia\ = I, atoi = /-|0)(0|. 
For a giant with angular momentum p/R, the parameter 



measures how far from a maximal giant we are. 

Due to the deformation, hopping is now accompanied by an extra phase. To see 
how this comes about, note that the deformation replaces 

[Z, Y] -> ZYe ini - YZe'™ 1 , 

[Z, Y] [Z, Y} ] -> ZYYZ + YZZY - ZYZYe 2 ™ 1 - YZYZe~ i2%1 . 

It is straight forward to see what interactions in the spin chain Hamiltonian these terms 
induce (the overbraces indicate Wick contractions) 



Ti{YZ ZY)Ti{Y Z ) -> Tr(YZ...) <-> a\a t 



Ty(ZYY Z)Tr(ZY ...) -> Tr (ZY...) <-> afa z 
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Tr (ZY Z Ye i2n "<)Tr (Y Z ....) -> e i2?r7 Tr (ZY....) <-> e i2 " 7 a^i + i 



Tr Ze~ i27r7 )Tr (ZF ...) -> e~ i2u7 Tr (yz...) <-> e" i27r7 a,af +1 . 

To hop onto the spin chain, we are hopping from the "zeroth site" , which is the Schur 
polynomial/giant graviton, and onto the first site of the string. The term which does 
this has an e~ i27r7 coefficient. Another way to hop onto the spin chain is to hop from 
the L + 1th site into the Lth site. The term which does this has an e 12 ^ 1 coefficient. It 
is straight forward to argue for the phases when we hop off of the giant graviton. From 
the above discussion we see that the deformation modifies this Hamiltonian to 

L L-l 

H = 2\a 2 + 2A a]ai ~ X Y1 (a^+ie^ 7 + aja^e - * 2 " 7 ) 
1=1 i=i 
+ Aa(a ie l2 " 7 + a\e~ i2 ^) + Aa(a L e" i27r7 + a[e l2 ^). 

In the above derivation of the deformed Hamiltonian we have considered only the terms 
which look like F-terms. For this to be valid, it is necessary that the self energy, vector 
exchange and terms which look like D-terms, continue to cancel as they did in the 
super symmetric theory. It has been argued[4] that this is indeed the case, using the 
similarity between the (5 deformation [35] and non- commutative theories[36]. 

The semiclassical limit, in which the action derived from coherent states should 
provide a good approximation to the dynamics, is obtained by taking 

L ~ Vn — > oo, A — > oo, 

holding jz, L7 and a fixed. To obtain the low energy effective action, we will use the 
coherent states 

00 

\z) = ViH^5>>>, 

n=0 

with parameter 

for the /th site. The coherent state action is given as usual by 
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S = J dt (i(Z\^\Z) - (Z\H\Z)^j . 
In the above expression the coherent state \Z) is written as a product over all sites 

is>=ni*'>- 

i 

As an illustration of the manipulations which follow, we describe the evaluation of the 
first term in the action. It is straight forward to see that 



d_ 
di 



V 1 ' I n=0 n=0 



U \ ) '■/"<■'''"'" I")- 



d 



(z m \w:\zi) = i- -km- 

at 1 — rf 



Thus, 



i=i 1 

In the large L limit, to leading order in L we have 

{zl m lz) = tL J T^W 

A straight forward computation along these lines gives 



1 dt 






Jo 



'1 



+ \z(l)z(l) + Xz(0)z(0) +Xa(z(0) + z(0)) + Xa(z(l) + z(l))} . 
We identify 

7 = Lrf. 

Write this action in terms of 7 and rescale a — > -. Clearly, the deformation replaces 



0' — 0' + 2L 7 . 
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Lets now consider the description of the open strings using the dual sigma model. 
The undeformed case has been studied in[19]. The work [19] uses a coordinate system 
in which the brane is static, a gauge in which p^ 2 is homogeneously distributed along 
the string, p$ 2 = 2J and r — t. After taking a low energy limit, the string sigma model 
action is 



in perfect agreement with the undeformed result from the field theory [19], after iden- 
tifying L = J and \ YM = 8n 2 \. 

The background studied in section 2 can be obtained by performing a sequence of 
TsT transformations [3]. A TsT transformation exploits a two torus, with coordinates 
(0i)02) say, in the geometry. A TsT transformation begins with a T-duality with 
respect to 0i, then a shift 02 — > 02 + 70i and finally a second T-duality along 0i. In 
the AdS<j x S 5 background there are three natural tori (0i, 02) (02, 03) and (03, 0i). This 
allows three independent TsT transformations giving the three parameter deformation 
of section 2. See [3] for details. The TsT transformation has a particularly simple 
action on the string sigma model, something which was exploited in [3] to obtain the 
Lax pair for the bosonic part of the sigma model. To obtain the sigma model for the 
deformed theory, we simply need to shift [3] 




For the above action, we only need to consider (f>[ 



0i 0i - tijkljPk- 



Next, since we set X = we know that p 3 = 0. Thus, 



01 01 - eij27i£>2 = (f)[ - C13273P2 = 0i + 73P2- 



Now, we have set 73 = 72 = 7 and in our gauge P2 = 2J7", so that 



0; + 2 7l 7 = 0; + 2 7 L. 



This is in complete agreement with the spin chain result. 
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5. Summary 



In this paper we have found giant graviton solutions in the deformed background with 
71 = and 72 = 73 = 7. These giants have an energy which is greater than the en- 
ergy of a point graviton. We have also considered the spectrum of small fluctuations 
about these giants. The spectrum depends on the radius of the giant in contrast to 
the undeformed case where the spectrum is independent of the size of the giant [7]. For 
small deformations, we have argued that the giant graviton is perturbatively stable. 
The Euclidean equations of motion admit a bounce solution indicating that the giant 
graviton will be unstable due to tunneling effects. We have also considered the semi- 
classical dynamics of open strings attached to these giants. We find that there is perfect 
quantitative agreement between the gauge theory and the string theory. Indeed, the 
deformation in the gauge theory exactly reproduces the TsT transformation relating 
the deformed and undeformed sigma models! 

The comparison in this paper provides further quantitative agreement following 
from AdS/CFT duality in a non-supersymmetric case. Further, the fact that the giant 
graviton is unstable makes the quantitative agreement even more interesting. 

There are a number of directions in which the present work can be extended. It 
would be interesting to look for giant gravitons in the general three parameter deformed 
background. One could also consider giants which have expanded into the AdS 5 space; 
the giant will be the same as the solution presented in[6]; the deformation should how- 
ever modify the small fluctuation spectrum[7]. Further, the open string fluctuations we 
have considered are certainly not the most general fluctuations that can be considered. 
It would be interesting to extend our results to see if the agreement we have found 
continues to hold for more general open string configurations. 
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